Purpose: To describe the morphologic and signal intensity characteristics of in‰ammato-ry adnexal masses in magnetic resonance (MR) images.
Introduction
Pelvic in‰ammatory disease (PID) refers to a sexually transmitted infection of the female upper genital tract. Its characteristics include endometritis, salpingitis, oophoritis, pelvic peritonitis, and tubo-ovarian abscess (TOA). [1] [2] [3] The severe form of PID, which is deˆned by the existence of a pelvic mass, requires prolonged intravenous administration of broad-spectrum antibiotics and possible surgical intervention. 3, 4 Sonography is of course the modality of choice for identifying an in‰ammatory adnexal mass. 2 However, ultrasound is not always speciˆc. 5, 6 The simultaneous presence of benign or malignant ovarian neoplasm, endometrioma or hemorrhagic cyst can hinder diagnosis. Moreover, up to 20z of patients with TOA lack clinical symptoms of acute infection 1, 7 and can be mistaken as having an adnexal neoplasm that needs to be distinguished as either malignant or benign. In these equivocal or unsuspected cases, another imaging modality is required as a problem-solving alternative. Several reports have described CT as valuable in such cases; [8] [9] [10] [11] however, to our knowledge, reports of MR imagingˆndings of this condition are limited. 1, 2, 12 The purpose of this study is to describe the appearance of in‰ammatory adnexal masses in a relatively large series of MR images and to correlate them with surgicalˆndings.
Materials and Methods

Study Population
The study population comprised 15 patients with a total of 20 surgically conˆrmed in‰ammatory adnexal masses with a variety of clinical suspicions who were referred for pelvic MR imaging between March 1987 and August 1997. These cases were retrospectively identiˆed during a search of pelvic MR imaging reports and pathology records for pelvic in‰ammatory disease. As a result, our population does not include cases with postoperative abscesses or abscesses of gastrointestinal origin. Each patient's medical records and radiological studies were reviewed retrospectively. The patients ranged in age from 23 to 66 years at time of MR imaging, with the average age being 38.1 years.
MR imaging techniques
The MR studies were performed within eight weeks of surgery.
MR imaging was performed with a 1.5T superconductive magnet unit (Signa; General Electric Medical Systems, Milwaukee, U.S.A.) with 5-mmthick sections, 2.5-mm gaps, a 32-cmˆeld of view, a 256j192 matrix, and two excitations. For all 15 patients, conventional or fast spin echo techniques were used to obtain sagittal T1-weighted images (repetition timeࢼ600 ms, echo timeࢼ9 to 20 ms) and sagittal T2-weighted images [(TR W TEࢼ2000 W 70-90, SE) or (TR W TEࢼ3000-6000 W 135, fast SE)]. Sagittal postcontrast images (TR W TEࢼ600 W 9-20) were obtained in 10 patients. Axial T2-weighted images were obtained in four patients, axial T1-weighted images inˆve patients, and axial postcontrast images inˆve patients. Contrast enhanced T1-weighted images were obtained immediately after IV administration of 0.1 mmol per kilogram of body weight gadopentetate dimeglumine (Magnevist } ; Shering, Berlin, Germany). To reduce peristalsis, 1 ml of an anticholinergic drug was administered intramuscularly before the examination, unless contraindicated.
Image analysis
Regarding the presence and characteristics of the pelvic mass as well as secondary changes in the adjacent pelvic organs and structures, MR images were interpreted by a consensus of three radiologists (H.U., M.L.K., and K.T.) with knowledge of theˆnal diagnosis of in‰ammatory adnexal mass caused by PID. The assessed characteristics of the pelvic masses included the size, shape, marginal status, cystic or solid composition, presence of a solid component or loculation, presence of gas, wall thickness, signal intensity, and the presence and signal characteristics of a peripheral rim. Assessed secondary changes included ascites, halo, stranding in the fat, bowel wall thickening and serosal spiculation, lymph node swelling, peritoneal enhancement, ureteral obstruction, and adhesions. A halo, which indicates an illdeˆned hyperintensity (relative to fat) around the mass, was observed on T2-weighted images. Adhesions were deˆned as bowel loops converging to the mass, broad-based attachment of the mass to the uterus without intervening fat plane, or distorted or beaked conˆgurations of the adjacent uterus and the mass. Douglas closure was suspected when the rectum or sigmoid colon converged toward the posterior aspect of the uterus.
Results
Clinical symptoms
Clinical symptoms are summarized in Table 1 .
Common clinical presentations were fever (nࢼ 10) and lower abdominal pain (nࢼ11). Eight patients exhibited these symptoms with an in‰am-matory reaction, which was su‹cient to elicit suspicion of TOA complicating PID. One patient presented with a four-month history of fever refractory to intravenous antibiotics, and a generalized survey revealed a pelvic mass (case 5). Signs of acute infection were lacking in six patients at the time of presentation. Four of them had a history of administration of antibiotics for PID (nࢼ1) and for non-gynecological diseases (nࢼ3), including fever of unknown origin lasting more than three years (case 12). In total, thirteen patients had a history of treatment with antibiotics with clinical suspicion of PID (nࢼ9) or other in‰ammatory disease including the common cold (nࢼ4). In all the cases, sonography had already revealed mass lesions prior to MR study. The time between onset of symptoms and MR studies ranged between six days and three years.
MR imagingˆndings
The MRˆndings are summarized in Tables 2 to  4 . On MR images, adnexal masses were identiˆed in all the patients. Five patients had bilateral adnexal masses; thus, a total of 20 masses were identiˆed. A frequently encountered feature of the adnexal masses was a mass with a poor margin within the thick-walled cystic mass, which was multiloculated. The signal intensity of the wall was low to intermediate in T1-weighted images, intermediate to high in T2-weighted images, and prominently enhanced after administration of contrast material in eight cases with CE ( Fig. 1) . The cystic portion showed a low-to-intermediate signal intensity on T1-weighted images and homogeneous high or heterogeneous high intensity on T2-weighted images. Six lesions revealed a``rim'' that exhibited a high signal intensity on T1-weighted images and low intensity on T2-weighted images in the innermost layer of the cystic wall (Figs. 2, 3 ). The rim ranged in thickness between 1 and 3 mm.
Among the secondary changes commonly seen 6j6 were the following: a``halo'' around the mass in nine lesions (Fig. 2) , stranding in the fat in twelve (Figs. 1, 3) , bowel wall thickening and spiculation in ten (Figs. 1, 3) , and adhesion both to the uterus and to the bowel wall in twelve (Fig. 4) . Douglas closure was suspected in eight and ascites in eleven. Stranding was prominent around the bowel wall and the masses. Also notable was the detection of bowel wall thickening and spiculation not only in areas adjacent to the mass, but also in areas far from the mass (Fig. 4) .
Three patients had a large amount of ascites despite the small size of the adnexal mass (2 to 4 cm).
Surgicalˆndings
Surgery conˆrmed a total of 20 in‰ammatory adnexal masses. Four patients had bilateral TOA and ten patients had unilateral TOA. One patient had bilateral chronic granulomatous salpingitis with intact ovaries.
Small enhancing protrusions on three lesions observed in MR images were conˆrmed to be tissue comprising a proliferation of in‰ammatory cells similar to aˆbrous scar. Four lesions that appeared almost solid on MRI comprised granulation, with two showing a small amount of necrotic tissue and two showing chronic granulomatous salpingitis. Another seven patients underwent treatment with antibiotics before surgery. Precise correlation of imagingˆndings and surgicalˆndings seems di‹cult regarding the tumor size, characteristic of the lesion, and surroundingˆndings indicating active in‰ammation; therefore, the correlation focused mainly on adhesions.
Thirteen patients revealed adhesion between the bowel wall and the mass, while thirteen showed adhesion between the uterus and the mass. In all the patients with MRˆndings of adhesion, dense adhesions were conˆrmed. In contrast, two patients who 
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showed no signs of adhesion in MRI had only minimal membranous adhesions. Ten patients were proved to have Douglas closure due to adhesions. The organisms were isolated from the abscesses in three patients (Escherichia Coli, Klebsiella Pneumoniae, Enterococcus sp.). In one patient, DNA of chlamydia was found from cultured epithelium.
Discussion
Pelvic in‰ammatory disease is a common gynecologic disease that accounts for almost 20z of all gynecological diagnoses in woman of reproductive age. 13 The well-known adverse sequelae are infertility and ectopic pregnancy. 4, 6, 14 Although common presenting symptoms of PID include fever, lower abdominal pain, and vaginal discharge, it is not invariant. Signs and symptoms are Fig. 4 . A 66-year-old woman with TOA presented with low-grade fever and lower abdominal pain. An ovarian tumor was suspected clinically (case 8 in Table 1 ). (a-c) Sagittal fast spin-echo T2-weighted (6000 W 135) (a), unenhanced (b) and gadolinium-enhanced (c) spin-echo T 1 -weighted (600 W 10) MR images show a large, unilocular cystic mass in the right adnexal region. The uterus (u) is prominently deformed and shows a beaked conˆguration around the mass (arrows), which indicates adhesion to the mass. In the T2-weighted image, septum-like low-intensity structures are observed [arrowheads in (a)]; however, these structures show no enhancement and are thought to be in‰ammatoryˆbrin exudate. Note that the wall is focally thickened and shows mural nodules (small arrowheads) that were conˆrmed to be granulation tissue. DiŠerential diagnosis from adnexal neoplasm and endometrioma is necessary. 15 As a matter of fact, in our series comprising 15 patients, two patients completely lacked signs of infection and anotherˆve patients presented with unusual and confusing symptoms. In such complicated cases, imaging plays an important role in the diagnosis of an in‰ammatory adnexal mass.
Our study showed several speciˆc MR imaginĝ ndings that strongly suggest the in‰ammatory nature of adnexal masses: a mass with an ill-deˆned border, the presence of a``halo,'' diŠuse thickening of the bowel wall, stranding of the fat plane, and adhesion.
In our experience, almost all sixteen lesions were ill-deˆned, and more than half of the lesions were surrounded by a``halo,'' which represents an illdeˆned area of high intensity signals around the mass on T2-weighted images. Bothˆndings seem to represent the same pathologic process, edema and exudate around the mass caused by increased permeability from blood vessels stimulated by various chemical mediators and cytokines such as interleukin 1, 6, or TNF. 16 These chemical mediators and cytokines play important roles in the in‰amma-tory process, but they are not usually found in neoplasm. Endometriomas may occasionally have an ill-deˆned border that is explained by adhesion and reactiveˆbrosis. They particularly mimic TOA on US and CT. However, in MRI, distinction according to signal intensity seems to be easy. In addition, reportedˆndings for endometriomas do not include an ill-deˆned area of high intensity signals around the mass. 15 Imagingˆndings re‰ecting edema and exudates, the fundamental features of the in‰ammatory process, are a reliable means of distinguishing in‰ammatory masses from other ovarian masses, including neoplasms and endometriomas. Because MR imaging is sensitive enough to allow for evaluation of the water content of the tissue, the in‰ammatory process is best revealed through MRI rather than CT or US.
DiŠuse thickening of the bowel wall, spiculation, and stranding of the fat plane were seen in areas not only adjacent to but also distant from the mass. This is because the in‰ammatory process is a chemical reaction mediated by in‰ammatory cells and can be extensive in the peritoneal cavity. In contrast, extensively spreading tumors derived from ovarian tumors are basically displayed as enhancing nodules or diŠuse peritoneal enhancement, 17, 18 and tumorous strands are usually limited around the mass because they re‰ect direct tumor invasion along lymphatics and vessels into surrounding tissues.
The capability of MR imaging to reveal pelvic adhesions has been controversial. 1, 19 Although MR imaging failed to reveal theˆne membranous adhesion observed in two patients, we were able to identify dense adhesions and Douglas closure. We developed our criteria based on theˆndings that bowel loops, the uterus, and the ovaries normally show a round conˆguration, if not compressed or pulled. Thus, the beaked or converging appearance of these structures seems to indicate the presence of some external in‰uence that causes these structures to converge. The most likely external eŠect is adhesion andˆbrosis.
Several otherˆndings regarding the masses may also indicate the in‰ammatory nature of the lesions, and ourˆndings are in accordance with those reported by Ha et al. 1 The lesions exhibited a variety of appearances from totally cystic to mixed solid and cystic, with or without small mural protrusions that mimic ovarian neoplasms. However, a tubular conˆguration of all or part of a lesion can hint at a disease involving the Fallopian tube. More than half of all lesions exhibited a somewhat tubular conˆguration. The heterogeneous signal intensity of the ‰uid was a common observation. A peripheral rim, reported by Ha et al., 1 was also frequently identiˆed in our series. This is highly vascularized with tiny foci of hemorrhage. It is clear that the lesion has an innermost layer that exhibits a high signal intensity in T1-weighted images and is well enhanced. The lymph nodes found in four cases were all located in the mesentery or iliac region. Mesenteric LN swelling is rarely seen in ovarian malignancies, [20] [21] [22] and the LN metastasis around paraaortic regions is theˆrst to be observed. The presence of mesenteric LN, despite the absence of widespread LN metastasis, seems to be another clue to the presence of an in‰ammatory mass.
The weakness of our study is its population bias. We agree that most cases with TOA present with typical clinical symptoms and are easily diagnosed by means of US. Because our institute is not an emergent hospital, many of our cases were complicated ones presenting with atypical symptoms. However, in these complicated cases, MR imaging displayedˆndings that led us to correct diagnoses.
In conclusion, MR imaging of in‰ammatory adnexal masses following PID revealed several ndings that strongly indicated a diagnosis of in‰ammatory masses. Theseˆndings include a lesion with an ill-deˆned border; an ill-deˆned area of high intensity signals surrounding the mass in T2-weighted images (halo); a``rim'' exhibiting a high intensity signal in T1-weighted images and a low intensity signal in T2-weighted images at the innermost layer of the cyst wall; extensive secondary changes in the surrounding fat plane and bowel loops; and dense adhesions. All theseˆndings re‰ect the basic characteristics of the in‰ammatory process, which are edema caused by increased permeability and highly vascularized granulation tissue caused by the strong tendency to repair. Since MR imaging is a noninvasive modality with no ionizing radiation and is sensitive to the in‰am-matory process, MR imaging can be an alternative problem-solving modality in cases that are confusing or unsuspected.
